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SECTION 1
INTRODUCTION

1.1 PURPOSE AND SCOPE

This report presents the results of our engineering design studies for
expansion of the existing tailings disposal system at Chevron Resources
Company's phosphate mine near Vernal, Utah.

Existing Tailings Dam No. 2 will be enlarged to crest E1. 5,970 feet by
the downstream method of construction. A new dam embankment will be
constructed which will extend north from Tailings Dam No. 2 around
existing Tailings Dam No. 1. This construction will result in one
expanded tailings dam and pond encompassing both existing Tailings
Ponds Nos. 1 and 2.

The major design objectives are as follows:

0 Increase the tailings storage capacity by enlarging existing
Tailings Dam No. 2 and constructing new dam embankment to

crest E1. 5,970 feet.

0 Provide an internal drainage system in the embankment to
safely route seepage through the dam and its foundation.
Seepage water will be collected downstream of the embankment
and pumped back into the tailings pond or otherwise disposed
of in an acceptable manner.

0 Maximize the use of locally available borrow materials and
tailings sands in construction of the dam embankment.

o0 Provide adequate freeboard during operation of the tailings

pond to completely contain the maximum design flood without
overtopping the embankment.
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0 Ensure stability of the embankment under both static and seis-
mic loading conditions.

0 Facilitate construction of the embankment and internal drain-
age system with construction equipment currently owned by or
avaitable to Chevron Resources Company.

The following scope of work was accomplished during the final design
studies:

o Collection, review, and evaluation of available soils, geo-
logic, hydrologic and engineering data from previous studies
and investigations of the project site.

o Field and laboratory investigations to further define the
engineering properties of the foundation soils and borrow
materials.

stability analyses.

0 Hydrology studies to determine the maximum flood runoff and
required freeboard.

0 Preparation of final design cross-sections, layout, and
details for the dam enlargement and internal drainage system.

o0 Design of instrumentation and recommendations on inspection
and monitoring programs.

0 Preparation of design drawings and specifications and a final
design report.

Detailed design of the seepage cutoff and collection system which will
be constructed downstream of the enlarged embankment was not included
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in this scope of work. A conceptual layout of the system is included
in the design drawings for information purposes only. Detailed design
studies will be performed by others.

1.2 PROJECT LOCATION

The Chevron phosphate operation is located approximately 11 miles north
of Vernal, Utah, and covers an area of about 23 square miles. It
incorporates an open-pit phosphate mine, processing facilities, and
tailings disposal and water supply impoundments. The project is situ-
ated on the south side of the east-west trending Uinta Mountains in the
northeast corner of Utah (see Figure 1).

The predominant natural features on or near the property are Red
Mountain, at about E1. 7,800 feet, and Big Brush Creek Gorge, which
passes near the mine. Neighboring manmade features are Steinaker
Reservoir to the south, Red Fleet Reservoir to the east, and Utah State
Highway 44. Chevron's property is bordered by the Ashley National
Forest and by Tand controlled by the Bureau of Land Management (BLM).
The property is located at approximately El1. 5,900 feet, and Vernal is
at E1. 5,300 feet. The tailings ponds are sited in a tributary valley
to Brush Creek, as described in Section 3.1.

1.3 PREVIOUS STUDIES

The following geotechnical investigation reports and design reports
were reviewed for this work:

1. Dames & Moore, “"Report of Materials Feasibility Study, Pro-
posed Earthfill Dams near Vernal, Utah, for Stauffer Chemical
Company," October 1971. This report is a study of materials
available for the construction of two proposed surface-water
control earthfill dikes to be located upstream and downstream
of the Tailings Pond No. 2.

1 -3 B122/215190293:07269



Dames & Moore, "Report of Stability Study, Existing Tailings
Embankment near Vernal, Utah, for Stauffer Chemical Company,"
June 1972. This report presents the results of a stability
study of the existing embankment dam at Tailings Pond No. 1.

Dames & Moore, “Report of Engineering-Design Studies, Proposed
Tailings Pond No. 2 System Near Vernal, Utah, for Stauffer
Chemical Company," December 1972. This report contains
engineering studies and recommendations for improvement of the
existing main dam at the Tailings Pond No. 2 and construction
of a downstream retention dam.

Dames & Moore, "Geotechnical Studies and Engineering Design
Report for Expansion of Tailings Pond No. 2 System Near
Vernal, Utah, for Stauffer Chemical Company," December 1979.
This report presents engineering studies for the enlargement
of Tailings Pond No. 2 to final crest elevation of 5,900 feet.

International Engineering Company, Report "Volume I - Field
and Laboratory Investigations, Chevron Phosphate Operations,
Vernal, Utah," November 1982. This report presents the
results of geotechnical investigations for the design of
seepage control facilities downstream of the existing tailings
ponds and for the design of a new tailings dam upstream of the
existing ponds.

International Engineering Company, “Design Concepts for New
Tailings Disposal Impoundment, Chevron Phosphate Operations,
Vernal, Utah," January 1983. This letter report presents the
conceptual design for a new tailings pond upstream of the
existing disposal sites.

International Engineering Company, "Conceptual Design Studies

for Expansion of Tailings Ponds No. 2, Vernal Phosphate
Project, Vernal, Utah," December 1984. This report contains
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the results of the geotechnical investigations and engineering
analyses and design studies for the enlargement of the exist-
ing Tailings Pond No. 2.

8. International Engineering Company, "Geotechnical Investiga-
tion, Chevron Phosphate Concentrator Facility, Vernal, Utah,"
February 1985. This report presents the results of the field
and laboratory investigations and engineering recommendations
for the proposed expansion of the concentrator facility which
is located north of and adjacent to the existing tailings
ponds.

9. Morrison-Knudsen Engineers (formerly International Engineering
Company), "Conceptual Design Studies for Expansion of Existing
Tailings Pond, Chevron Phosphate Expansion Project, Vernal
Utah," April 1985. This letter report presents the design
concept for enlargement of the existing Tailings Ponds No. 1
and 2 by the downstream method of construction using local
borrow materials and tailings sands.

10. Morrison-Knudsen Engineers, "Conceptual Design Studies for
Seepage Control Below Tailings Dams, Chevron Phosphate
Expansion Project, Vernal, Utah," April 1985. This letter
report presents the conceptual design for seepage control
facilities downstream of the existing tailings ponds.

1.4 EXISTING TAILINGS DISPOSAL FACILITIES

The existing tailings disposal facility consists of a main dam and
secondary dam impounding Tailings Pond No. 2, and a main dam impounding
Tailings Pond No. 1 as shown in Figure 2.

Tailings Pond No. 1 is no longer in operation; all tailings are cur-
rently deposited into pond No. 2. The current elevation of Tailings
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Pond No. 2 is approximately 5,866 feet. Tailings sand is deposited
from the crest of the main and secondary dams creating a tailings beach
of variable width.

The crest of the main embankment for Tailings Pond No. 2 is currently
being raised from E1. 5,876 feet to E1. 5,888 feet, and the maximum
embankment height is approximately 136 feet. This embankment was
constructed in 1973 to approximate E1. 5,864 feet using mine-waste
material consisting of gravel, cobbles and boulder-sized rock in a
matrix of silty, fine to coarse sand. The upstream and downstream
slopes in this material are approximately 1.3 Horizontal to 1.0
Vertical (1.3H:1V). A blanket consisting of compacted silty soil was
placed over the upstream slope of the dam extending up to approximate
E1. 5,800 feet.

A berm consisting of compacted mine-waste material was subsequently
constructed on the downstream slope of this main embankment. A graded
filter zone separates the berm from both the main embankment and the

underlying soil foundation. The crest of the berm is at approximate
El. 5,780 feet; the width of the berm is about 60 feet. The downstream

slope of the dam below the berm is approximately 1.3H:1V.

The crest of the secondary dam embankment is at approximate E1. 5,880
feet and the maximum height of this embankment is about 70 feet. The
embankment is constructed with dumped mine waste material as described
above for the main dam. The upstream and downstream slopes of the
secondary dam are both approximately 1.3H:1V. A berm consisting of
compacted mine-waste material was subsequently constructed on the
downstream slope of this embankment in the same manner as for the main
embankment. The crest of the berm is at approximate E1. 5,860 feet.

The downstream slope of the dam below the berm is approximately 1.3H:1V.

These two embankments form the retaining structures for Tailings Pond

No. 2 which currently covers about 100 acres and impounds about 4,400
acre-feet of tailings. These embankments are currently being raised in
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three stages to E1. 5,900 feet by the upstream method of construction,
using compacted sand tailings from the beach. The side slopes of this
enlargement are 2H:1V. The downstream slope and crests of the three
stages of enlargement are covered with 2 feet of mine-waste material.

Existing Tailings Dam No. 1 is located across the small valley north of
Pond No. 2. The crest elevation of Tailings Dam No. 1 varies from
5,910 to 5,930 feet and the maximum height of the embankment is approx-
imately 140 feet. The embankment was built up in several stages. An
initial 50-foot high starter dam was constructed of random rockfill
materials from the mine. The remainder of the dam was raised in the
upstream direction using dumped rockfill from the mine. The downstream
slope of the embankment is on the order of 1.3H:1V.

Seepage emerging at the toe of the existing dams is collected in sev-
eral detention ponds downstream of the dams and pumped back to the
tailings ponds. In addition, a slurry wall located across the drainage
downstream of the main dam intercepts the seepage flowing through the
overburden soil. The impounded seepage is also pumped back to the
tailings reservoir.

1.5 PROPOSED CONSTRUCTION

The proposed construction consists of (1) enlargement of the existing
main and secondary embankments at Tailings Pond No. 2 from crest El.
5,900 feet to 5,970 feet in successive stages by the downstream
construction method, and (2) construction of a new dam embankment
encompassing the existing Tailings Dam No. 1. The plan and design
cross-sections for the enlargement of the embankments are shown in
Figures 2 and 5, respectively.

At a crest elevation of 5,970 feet, the dam will have a crest length of
5,600 feet and a maximum height of 254 feet. The pond will have total
tailings storage capacity of 28,100 acre-ft. Of this amount, 4,400
acre-ft have already been used, and 20,500 acre-ft is available for
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future tailings storage. The remaining 3,200 acre-ft of capacity is
needed to provide 10 feet of freeboard. Adequate freeboard to contain
the design flood will be provided throughout the 1ife of the pond oper-
ation. The reservoir area-capacity curve is shown in Figure 1.

Because of the relatively small drainage area (5 square miles) and the
low levels of precipitation in this region, no operational spillway is
planned. However, a final overflow spillway will be constructed 3 feet
below the ultimate dam crest elevation at one of several potential
locations shown in Figure 2.

The total in-place volume of fill material needed to construct the
enlargement is estimated to be about 6.6 million cubic yards. The
embankment will have an upstream slope of 2H:1V and a downstream slope
of 2.5H:1V. The crest width will be 30 feet. The fill material for
construction of the dam will come from tailings sands, mine-waste rock,
and on-site Moenkopi "red beds" siltstone and shale.

The drain system of the dam consists of inclined chimney, blanket, and
collector drains and is shown in section in Figure 5. The purpose of
this drainage system is to intercept seepage from the tailings pond and
to route seepage through the dam and its foundation. The drain system
has been sized to safely pass inflows of water from the tailings beach
and foundation. Seepage will be collected and subsequently pumped back
into the tailings pond.

Tailings will be transported to the tailings pond from the mill via a
slurry pipeline. It is anticipated that during the years of operation,
primarily slimes will be deposited into the pond. Tailings sands will
be excavated from the beach and used for construction of the tailings
dam expansion. Discharge of the sands will be from the crest of the
dam to develop a beach on the upstream face. Slimes will be discharged
into the pond away from the beach area.
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A decant barge and clarified water pool will be maintained at the
upstream end of the pond, and the pool will be kept as small as
possible. Water will be pumped back to the mill for reuse.

A surface- and ground-water cutoff and collection system will be devel-
oped to intercept pond seepage and pump it back to the tailings pond.
This system may require two or three cutoffs and collection sumps
downstream of the tailings dam because of the variable topography in
the project area. The system will be designed to intercept all flows
through the dam and foundation as well as any leakage which surfaces
downstream from underlying rock formations.

‘The tailings pipeline, decant barge, and surface and ground-water
cutoff and collection system are not included in the scope of work for
this design report.
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SECTION 2
FIELD AND LABORATORY INVESTIGATIONS

2.1 GENERAL

The project site has been investigated on several occasions in relation
to successive expansions of the tailings ponds and mine facilities.

The results of the previous field and laboratory programs are discussed
in the reports listed in Section 1.3.

The additional investigations performed during the final design phase
included the following:

0 Supplemental field and laboratory investigations to better
define the foundation soils.

0 Testing of Moenkopi borrow sources and additional field
investigation to locate any gypsum strata which may be
contained within the siltstone beds.

The detailed scope of the investigations is discussed below, Borehole

and test pit locations for all exploration programs are shown in
Figure 3 with reference to the exploration dates.

2.2 FIELD EXPLORATION

The current field exploration was performed during 9 April to 14 April
1985, It included drilling of eight boreholes and sampling of soils
and rock. The drilling subcontractor was Erickson-Ford Company, Inc.

of Boise, Idaho. The field exploration was performed under the super-

vision of an MKE geotechnical engineer,

The locations of the boreholes are shown in plan in Figure 3, Bore-
holes HA-1 through HA-6 were drilled along the foundation of the
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proposed embankment in the areas not covered in sufficient detail by
previous investigations. Boreholes HA-7 and HA-8 were drilled through
the Moenkopi red bed siltstones in the proposed borrow area which is
located along the southern edge of Tailings Pond No. 2.

The boreholes were drilled to depths ranging from 20.1 to 104.0 feet
below the existing grade. A truck-mounted CME 55 rig equipped with a
7-3/4 inch hollow-stem auger was used for drilling through the soil
overburden and soft rock. The boreholes were advanced through hard
rock by rotary drilling with a NW core barrel.

A total of ten undisturbed soil samples were recovered from the bore-
holes by hydraulically pushing 2-1/2-inch 0.D. Shelby-tube samplers

into the soil. A total of 34 disturbed soil samples were obtained by
performing Standard Penetration Tests (SPT) (ASTM D1586), which also
provided blow counts useful for approximating soil strength. In
addition, 35 five-foot long runs of NW rock core were obtained. The
soils encountered were examined, classified, and logged by our engineer
based upon the Unified Soil Classification System described in Appendix
A. The rock samples were also classified and their Rock Quality
Designation (RQD) values determined.

The borehole logs are presented in Appendix A. The depths at which SPT
sample and undisturbed Shelby-tube samples were obtained are indicated
on the logs. The SPT blow counts and RQD values are also shown on the
logs. Descriptions of materials in the logs are based on visual exam-
ination made in the field. Where laboratory test data are available,
the visual classifications were modified to reflect these data.

The water level in the boreholes was measured and is also shown on the
logs. Fluctuations in the ground-water level are likely to occur due
to changes in tailings disposal operations and variations in rainfall.
The ground-water depths shown on the logs pertain only to the times of
measurement.
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2.3 LABORATORY TESTING

A testing program was performed on selected soil and rock samples
extracted from the boreholes to establish the physical and engineering
properties of these materials. All tests were performed by Rollins,
Brown, and Gunnell, Inc., of Provo, Utah, Laboratory test results are
presented in Appendix B.

Sieve analyses (ASTM D421 and D422) were performed for five soil
samples and hydrometer tests on two of these samples to determine the
particle size characteristics. Consolidation tests (ASTM D2435) were
conducted on three undisturbed samples to determine the compressibility
of the soils. Atterberg Limit tests (ASTM D4318) were performed on
three samples to determine the plasticity characteristics.

A falling-head permeability test was conducted on one undisturbed
sample. The field moisture content and dry density of seven undis-
turbed samples were also determined.

The shear strength of the clayey or silty soils was determined by
performing unconfined compressive strength tests (ASTM D2166) on three

undisturbed samples and consolidated undrained triaxial compression
tests with pore pressure measurements on three undisturbed samples.

The quality of potential rock borrow materials was investigated by
performing petrographic analyses of two thin sections, bulk specific
gravity and absorption tests (ASTM C97) on two rock core samples, and
magnesium sulphate soundness tests (ASTM C88) also on two core samples.

Permeability tests (ASTM D2434) are currently being performed on a
potential borrow source for drain materials. The results of these
tests will be used to confirm the permeability values assumed for

design of the drain system. |
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SECTION 3
SITE CONDITIONS

3.1 SURFACE CONDITIONS

The tailings disposal area is located in an east-west trending valley
south of the mi1l and concentrator facilities. The drainages, across
which the three existing embankments are located, join Big Brush Creek
about one-half mile downstream from the embankments and about 2,000
feet upstream of the Utah State Highway 44 bridge, which crosses Brush
Creek. The drainage basin above the proposed dam has an area of 5.0
square miles and ranges in altitude from 5,850 to 7,200 feet.

Vegetation in the natural valley slopes consists of junipers,
sagebrush, and a sparse growth of grass. Natural slope angles range
from moderate to very steep. Rock is at or very near the surface of
the hills. The soils at the lower slopes of the hills grade from rocky
slope wash to alluvium in the bottoms of the gulches. Small tailings
deposits and retention dikes exist at the bottom of the drainage
downstream of the main dam of Tailings Pond No. 2.

The only man-made features located in the proposed dam and reservoir
areas are mine facilities including access roads, pipelines, pumping
stations, and a maintenance building. The latter is located at the
north abutment of the proposed dam and will have to be removed prior to

the construction of the last stage of the dam.

The tailings beach slopes an average of 10 percent from the crest of
the main dam and the secondary dam embankments towards the tailings
pond water. The surface of the tailings beach is variable in
consistency and is eroded at some locations because of the peripheral
tailings discharge.
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3.2 SUBSURFACE CONDITIONS

A. Geology

The site is located on the south flank of the Uinta Mountain Arch near
the east-central part of the range. Rocks exposed within the phosphate
mine area are the Weber Sandstone of Pennsylvanian age, the Park City
Formation of Permian age, and the Moenkopi Formation, which is of
Triassic age. Quaternary alluvial fill is found on the valley bottom.

The Weber Sandstone is a hard, massive, fine- to medium-grained, light
gray, cross-bedded quartzose sandstone that forms the high vertical
cliffs along Brush Creek in the mine area. The Park City Formation,
which is above the Weber Sandstone, consists of interbedded 1imestone,
dolomite, 1imy sandstone, shale, and phosphatic shale. The phosphatic
member at the bottom of the Park City Formation ranges from 20 to 30
feet in thickness. One of the 1imestone members forms the dip slope
surface in the mine area.

Laying conformably on the Park City Formation is the Moenkopi
Formation, which consists of thin-bedded, reddish brown siltstone or
fine-grained sandstone with thin partings of weak, red, sandy shale and
thin beds of 1ight greenish gray, fine-grained sandstone. There are
numerous thin veins of gypsum throughout the formation. Because the
Moenkopi Formation is soft, much of it has been eroded off the upper
limestone member of the Park City Formation. The Moenkopi is the only
formation exposed in the study area. The contact between the Park City
and the Moenkopi Formations is just to the north of the proposed
embankment encompassing the existing Tailings Pond No. 1. The contact
between the lower greenish gray sandstone member of the Moenkopi and
the interbedded red siltstone, sandstone, and shale is generally along
the drainage in which Tailings Pond No. 2 is located (Figure 3).

The structural trend of these formations is north 80 degrees east with
a dip of 10 to 15 degrees southeast. No major faults were noted in the
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project area. Above the Moenkopi Formation, in the hills south of the
project site, are rocks of the Shinarump Conglomerate, the Chinle
Formation, and the Navajo Sandstone.

B. Embankment Foundation Conditions

The proposed embankment enlargement will be founded on natural alluvial
and residual soils, existing waste rock embankments, and tailings sand
embankments now under construction. The detailed foundation conditions
for each type of material are described in the following paragraphs. A
plan of the geotechnical explorations is shown in Figure 3. Geologic
profiles are shown in Figure 4.

1. Natural Soils - The following three types of foundation
conditions on natural soils are encountered at the site:

o Soils in the northernmost portion of the proposed embankment
0 Hill slopes
0 Bottom of main drainages downstream of existing dams.

a. Northernmost Portion of the Proposed Embankment - The
northernmost portion of the proposed embankment is oriented in the
east-west direction along the northern edge of Tailings Pond No. 1.

The ground surface slopes gently toward the east. In some areas a thin
layer of tailings (3-inch-thick at boring HA-1) covers the natural
soils. The natural soils include loose to very dense, tan to gray
brown silts with variable amounts of clay, sand, and gravel, and
occasional layers of very dense silty gravel. In borehole HA-2, the
silty soil contained some gypsum. The soils are dry near the dam
abutment and moist at the lower elevations near the existing Dam

No. 1. The depth to bedrock is about 12 to 13 feet. Bedrock consists
of gray Moenkopi siltsone. The rock is heavily fractured and weathered
with gypsum lenses of up to 1/4 inch in thickness. Rock weathering
decreases with depth. At the time of measurement, the ground-water
depth was determined to be 28.2 feet at borehole HA-2., Ground-water
was not encountered at borehole HA-1.
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b. Hill Slopes - The hill slides are covered with a thin
mantle of residual soil consisting primarily of loose to dense, dry to
moist, silt. The soil color varies with the color of the underlying
bedrock, that is, greenish gray to light brown at the northern portion
of the site and red to reddish brown to the south. Soil thickness
ranges from zero to five feet. The silt contains occasional fine
gravel and grades to very weathered and fractured, interbedded
siltstone and sandstone bedrock. The rock is gray, red, and reddish
brown, soft to medium hard, and contains many lenses and hairline seams
of gypsum. Weathering decreases with depth.

c. Drainages - The natural soils filling the bottom of the
drainage downstream of Dam No. 1 consist of alluvial gray and gray
brown clayey silt with depths to bedrock ranging from 10 to 25 feet.
The upper 9 inches of soil contain abundant organic material. The soil
is soft near the surface and becomes stiffer with depth. At the time
of measurement, the ground-water depth was determined to be 22 feet at
borehole HA-3 and 8 feet at borehole Mi-3. Approximately 600 feet
downstream of the dam, a small dike impounds the seepage water which
emerges at the toe of the dam.

The bottom of the drainage across which the secondary dam of Tailings
Pond No. 2 is located appears to be covered with a thin layer of
alluvial soil. Seismic lines SL-7 and SL-8 indicate overburden depths
of zero to eight feet. At monitoring well MW-2, which is located at
the east end of the drainage, the soil consists of brown sandy and
gravelly silt and silty sandy gravels. The soil is loose at the
surface and becomes denser with depth. Sandstone and siltstone bedrock
was encountered at a depth of 20 feet. At the time of measurement, the
ground-water depth was observed to be 12 feet below the ground surface.

The bottom of the drainage downstream of the main dam is filled with
alluvium and rocky slope wash from the soft, red Moenkopi Formation.
Typically the soil consists of reddish brown, loose, sandy clayey silt
to depths ranging from 9 to 20 feet below the natural surface. At the
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toe of the dam, this silt stratum is underlain by gray and reddish
brown, fine to coarse sand and gravel with occasional cobbles and trace
of silt. This material is loose to medium dense and extends to a depth
of between 43 and 50 feet below the existing ground surface. The sands
and gravels are bedded with lenses of sandy silt and some clay.

Bedrock consisting of reddish brown soft siltstone and fine-grained
sandstone was encountered below the sand and gravel stratum. The rock
is highly fractured and weathered and contains numerous thin white
gypsum veins subparallel to the bedding. The rock becomes moderately
hard and less weathered with depth.

Approximately 400 feet downstream of the toe of the main dam is a

12- to 15-foot-high seepage retention dike constructed with silty
gravel and rockfill. The dike is founded on a 13-foot-thick layer of
reddish brown, loose silt. The underlying material consists of brown
to reddish brown, medium dense to dense, gravelly sandy silt. Bedrock
was found at a depth of 50 feet below the crest of the dike, or 35 feet
below the original ground surface.

The ultimate toe of the proposed embankment enlargement will reach
approximately 200 feet downstream from the existing seepage retention
dike. The log of monitoring well MW-1, located in that area, indicates
that the upper 20 feet of the soil consists of alluvial, red, sandy
clayey silt. This soil is Toose, nonplastic, moist, and contains a
Tittle fine gravel. A 23-foot-thick layer of reddish brown, loose,
sandy gravel was encountered under the silty soil. This material
overlies sandstone and siltstone bedrock. The rock is reddish brown to
dark brown, fine grained, soft, and highly weathered and fractured. It
contains numerous thin white gypsum veins up to 1/8-inch in thickness.

An old slimes pond is located downstream of the ultimate dam toe line
(Figure 3). The slimes consist of 1ight greenish brown, very soft,
highly plastic clay. This soil is slightly organic, with traces of
lignite and plant fibers. In some areas it is covered with a 2- to
2.5-foot-thick layer of reddish brown, nonplastic to slightly plastic
sandy clayey silt with abundant organic material.
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The ground-water table in the drainage fill is fed by seepage from the
main dam and from the retention pond. As a result, at the bottom of
the drainage, the water table is generally only a few feet below the
ground surface.

2. Existing Waste Rock Embankments - A portion of the upstream
slope of the proposed enlargement will be founded on the downstream
slopes of exfsting waste rock embankments. These embankments were
constructed with stripped overburden materials from the mine area. The
material forming Dam No. 1 consists of medium dense to dense, gray to
Tight brown, silty fine to coarse sand and gravel with occasional
cobbles and boulders.

The soils in the main and secondary dams of Tailings Pond No. 2 are a
mixture of 1ight grayish-brown, fine to coarse gravels, cobbles, and
boulder-sized rock in a matrix of silty fine to coarse sand. The
material ranges from loose to medium-dense and contains large zones
where segregation of sizes has occurred. Stabilizing rockfill
buttresses were constructed on the downstream slopes of the dams using
selected mine waste material, as described in Section 1.4. Filter
zones consisting of sand tailings were placed between the embankments
and the buttresses. The buttress materials were placed in compacted
Tifts.

3. Tailings Sand Embankments - As indicated in Section 1.4,
Tailings Pond No. 2 is now being raised by means of tailings sand
embankments constructed by the upstream method. The upstream toe of
the proposed enlargement will be founded on the downstream slope of the
compacted sand embankments, which in turn are founded on the sand beach
of the tailings reservoir. The soil conditions at the sand beach and
compacted sand embankments are discussed below.

Previous investigations indicate that the tailings beach consists
predominantly of tailings sand to depths on the order of 50 to 60 feet
below the surface of the beach. Slime layers were encountered,
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however, at depths as shallow as 13 feet below the surface. The
tailings sand is very loose to loose, medium- to fine-grained, and
contains variable amounts of silts. The slime layers are as thick as
five feet and consist of silt and clay with Tow to moderate
plasticity. The layers are soft to medium stiff.

Below a depth of approximately 50 to 60 feet the materials encountered
were predominantly slime tailings. The slimes are normally-consoli-
dated to under-consolidated silt and clay of low to moderate plasticity
and are very soft to stiff.

At the compacted tailings sand embankments now under construction, the
sand fill is being placed by the upstream construction method in
horizontal 1ifts. The sand is obtained from the tailings beach, and it
is our understanding that the sand is compacted to at least 90 percent
of maximum dry density as determined by ASTM Test Method D1557-78. In
addition, the downstream slope of the completed sand fill is covered
with a minimum of two feet of end-dumped mine waste material.

3.3 SEISMICITY

Earthquakes in Utah occur primarily within a 60- to 100-mile wide zone
of the Southern Intermountain seismic belt that marks the transition
between the Basin and Range province and the Colorado Plateau and
Middle Rocky Mountain provinces. This earthquake zone trends
north-south from the Utah-Idaho border to the area around Richfield and
then changes to a southwest trend that extends across the Utah-Nevada
border. The eastern edge of this seismic belt extends into the Uinta
Basin about as far as Duchesne. The project area near Vernal is
approximately 80 miles east of the main seismic belt. There have been
low magnitude earthquakes reported northeast of Vernal, but all were
measured at less than 4.0 on the Richter scale.
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The project area falls in Seismic Zone I and has the potential for very
low seismic activity, as indicated in both the Uniform Building Code
and the Rules and Regulations Governing Dam Safety in Utah (Ref. 1 and
2). No major faults were seen in the project area during previous
geologic reconnaissances.

The U.S. Corps of Engineers' recommended guidelines for safety
inspection of dams (Ref. 3), indicates that the seismic coefficient for
use in pseudo-static slope stability analyses should be 0.025 for
projects located in the Seismic Zone 1. Therefore, this value was used
in the stability analyses described in Section 4.2.
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SECTION 4
ENGINEERING DESIGN STUDIES

4.1 HYDROLOGY AND FREEBOARD REQUIREMENTS

Because sufficient freeboard will be constantly maintained to fully
contain run-off resulting from the probable maximum precipitation
event, no operational spillway is planned for the construction period
(approximately 20 years). However, for added safety, a final overflow

spillway will be constructed 3 feet below the ultimate crest elevation

of 5970 at one of several potential locations as shown in Figure 2.
Final design of the overflow spillway will be accomplished at a later
date. Flood routing analyses are not planned because adequate
freeboard is to be provided to contain a probable maximum flood event
without spilling. An area-capacity curve for the reservoir has been
developed and is included in Figure 1.

The drainage area above the enlarged embankment was calculated to be
5.0 square miles. Following procedures outlined in Reference 4, the
24-hour probable maximum precipitation (PMP) event was estimated to be

9.45 inches. The surface soils in the project area were estimated to
classify within Soil Conservation Service (SCS) hydrologic soil group

C. This group is described as soils having slow infiltration rates
when thoroughly wetted and consisting chiefly of soils with a layer
that impedes downward movement of water, or soils with moderately fine
to fine texture. The grass and brush coverage of the watershed area
was estimated as poor to fair. For antecedent moisture condition III,
the runoff curve number was estimated to be 91 (Reference 4). Using

~ the estimated PMP and curve number, direct runoff was calculated to be

8.5 inches. Total runoff from the drainage area was calculated to be
2,300 acre-feet.

At the proposed final overflow spillway crest elevation of 5967 feet,
the pond will have a total storage capacity of 27,200 acre-feet. Of

4 -1 B122/215190293:0729g



this amount, 4,400 acre-feet have already been used for tailings
storage, and 20,500 acre-feet is available for future storage of
tailings. The remaining 2,300 acre-feet of capacity is needed to
provide 7 feet of freeboard below the spillway crest in order to retain
the runoff from the PMP without spilling. During construction (i.e.,
Tife of the pond operation), a minimum freeboard of 10 feet below the
embankment crest will be maintained which will be adequate to retain
the full PMP runoff without overtopping.

4.2 STABILITY ANALYSES

Stope stability studies were performed on two design cross-sections of
the final enlarged embankment. Cross-sections C and F (shown in

Figure 5) were selected for the analyses because these sections were
Judged to be the most critical from a stability standpoint due to their
large heights and steeper slopes and the presence of relatively deep
alluvial foundation soils. A1l other design cross-sections are
expected to have higher factors of safety than those calculated in this
study.

The material properties used in the stability analyses are presented in
Table 1. The strength parameters for the natural foundation soils,
slime tailings, and mine waste rock were based on our field and
laboratory work and on the previous work by others (Section 1.3). The
strength parameters in the tailings beach and zone of layered sand and
slimes were based on published correlations with Standard Penetration
blowcounts. The strength parameters for the compacted tailings sand
were based on results of triaxial testing performed by MKE during a
previous study.
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TABLE 1
MATERIAL PROPERTIES FOR STABILITY ANALYSES

Friction Angle Cohesion Unit Weight

No. Material Description (degrees) (psf) (pcf)
1 Existing Mine Waste Rock 40 0 130
2 Compacted Tailings Sand 33 0 125

3 Random Fill - Compacted
Tailings Sand and Moen-

kopi Siltstone 28 200 125
4 Tailings (Mainly Slimes) 7.5 560 100
5 Tailings Sand and Slimes 28 0 120
6 Foundation Soil 30 0 120
7  Bedrock 45 10,000 145

The random fill material for construction of the dam will come from
both tailings sand, mine-waste rock, and on-site Moenkopi formation.
Strength parameters selected for the random fill zone are based on past
experience and information from published 1iterature (Ref. 5). In our
selection we have conservatively assumed that the Moenkopi will break

down into predominantly silt and clay size particles. Therefore, the
strength parameters chosen for the random fill zone are relatively low

and can be considered to be representative of a "worst-case" situation.

The analyses were accomplished using the computer program SLOPE which
computes the factors of safety for specified slip circles by the
Simplified Bishop Method. A seismic coefficient of 0.025 was used for
the pseudo-static analyses.

The results of the analyses are shown graphically in Figures 9 and 10.
For cross-section C, the minimum steady seepage and pseudo-static
(seismic) safety factors are 1.53 and 1.41, respectively. For cross-
section E, the minimum safety factors for these two cases are 1.55 and
1.44, respectively. These factors of safety are more than adequate and
satisfy the Utah State Engineer's recommended criteria for slope

stability (Reference 2).
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4.3 INTERNAL DRAINAGE SYSTEM DESIGN

A. Descrigtion

The purpose of the internal drainage system is to intercept seepage
from the tailings pond and to route the seepage safely through the dam
and its foundation. The drains have been designed with ample capacity
to convey the maximum seepage inflows from the tailings beach and
foundation.

The proposed drainage system consists of a chimney drain, blanket
drains, and collector drains. The plan location of blanket and
collector drains is shown in Figure 6. The location of the chimney
drain is shown in the embankment cross-sections of Figure 5, qnd
miscellaneous drain details are presented in Figure 7. Each element of
the drainage system is briefly described below.

The position of the chimney drain within the embankment varies along
the embankment alignment (Figure 5). In the area where the embankment
will be raised above the crest of the existing embankments or above the
access road to the pond (cross-sections B, C, and D of Figure 5), the
chimney drain will be brought up from fhe existing crest or access
road, first vertically and then parallel to the upstream slope of the

dam. In the remaining areas, the chimney drain will be brought up
parallel to the upstream slope of the dam (cross-sections A, E, and F
of Figure 5).

The chimney drain will discharge the seepage flow into collector drains
running along its toe except where the embankment is built on the
downstream slopes of the existing embankments. In these areas, the
chimney drain will be tied to blanket drains covering the slopes, as
shown by the shaded areas in Figure 6, and collector drains will be
located at the downstream edge of the blanket drains.

The collector drains will transport the seepage flow across the dam
foundation to the downstream toe of the embankment. Because collector
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drains have to convey concentrated flows along relatively gentle
slopes, they will be provided with a core of very coarse, highly
pervious, gravel material. The required core material gradation band
is described in the Specifications.

A filter layer of compacted tailings sand will be provided betweeen the
blanket drains and the downstream slopes of the existing embankments in
order to prevent piping of pond slimes through the embankment rockfill
and into the drain material (Figure 7, details 1, 3, 4, and 6).
Likewise, two filter layers are required to separate the natural silty
soils from the coarse-grained material in the collector drain cores
(Figure 7, details 4 through 7). The outer filter layer will consist
of compacted tailings sand, and the inner filter layer will consist of
gravelly sand blanket-drain material. At the surfaces where the
collector drains are in contact with embankment material (compacted
sand tailings or rockfill) only the inner filter layer will be needed.

B. Design Methodology

The drains were designed to safely convey the maximum seepage flow
through the embankment and dam foundation. The seepage flow was deter-
mined from the final maximum pond elevation 5960 feet by means of con-
ventional flow net calculations. The maximum seepage quantity entering
the drain system was calculated on the assumption that, during opera-
tions, a tailings sand beach at least 200 feet wide will be maintained
between the embankment and the pool of free water. Average tailings
beach permeability was estimated to be no greater than 5 x 107
centimeters per second on the basis of results of laboratory permea-

bility tests performed by others. In addition, the assumption was made
that operation of seepage collection systems downstream of the dam will

not submerge the drains.

The maximum seepage flow rates collected at the toe of the embankment
were estimated to be as follows:
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Collection Area Flow (gpm)
Northern Drainage Downstream of Tailings Dam No. 1 650
Middle Drainage Downstream of Secondary Dam 300
Southern Drainage Downstream of Main Dam 1,000

The capacities of the chimney drains, blanket drains, and collector

~ drains were calculated by applying Darcy's Law. The minimum coeffi-
cient of perﬁeabi]ity for the chimney and blanket drain material was
estimated to be 0.1 centimeters per second for the specified gradation
band. For the drain core material, the minimum coefficient of per-
meability was estimated to be 35 centimeters per second. The capaci-
ties of the collector drains were calculated on the basis of the
minimum drain slopes specified in Figure 7.

The required drain cross sections were estimated using safety factors
ranging from 5 to 10 to account for possible reductions in drain
capacity due to turbulent flow effects and to minor localized changes
in material gradations.

4.4 SITE PREPARATION

Site preparation should extend over the entire area to be covered by

embankment fill or drain material and should consist of clearing,
stripping, excavation, and foundation preparation, as discussed below.

A1l embankment subgrade areas should be kept well graded and drained;
ponding of seepage water or storm runoff should not be allowed. All
junipers, sage brush and other vegetation (including roots) should be
cleared from all areas to be covered with fill or drain material.
Grass, roots, and other deleterious materials should be stripped and
disposed of in an acceptable manner. Stripped materials must not be
used as fill in the embankment or drains. The depth of stripping
should be determined in the field by a qualified engineer. Anticipated
depths are 0 to 12 inches depending on the density of vegetation for
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all embankment foundation areas except the bottom of the northern and
southern drainages.

More extensive foundation work will be required in the northern and
southern drainages which contain the existing seepage collection ponds
and are filled with soft, saturated alluvial soils. Prior to starting
foundation preparation in these areas, it will be necessary to
construct new seepage collection ponds downstream of the existing
collection ponds. Design of these ponds was not included in this scope
of work and will be performed by others. For illustrative purposes
only, the conceptual layout of these ponds has been included in

Figure 6.

After the new collection ponds are completed, the dikes forming the
existing collection ponds should be removed and the ponds drained into
the new ponds. In order to facilitate drainage, it may be necessary to
excavate drainage trenches through the alluvial soils from the existing
to the new collection ponds.

Once the existing ponds have been drained and have dried out
sufficiently to allow access to earthmoving equipment, the very soft

soils, deleterious materials and vegetation in the bottom of the
drainage should be removed. If some areas remain too soft to allow

access, a rock pad can be built by bulidozing mine waste rock or
Moenkopi siltstone onto these areas. The depth of soft soils to be
removed from the bottom of the drainages should be determined in the
field by a qualified engineer. A rough estimate of the maximum depths
of excavation is 10 to 15 feet in the northern drainage and 7 to 10
feet in the southern drainage. However, greater excavation depths may
be required in localized areas.

After the drainages have been cleared of all unacceptably soft soils
and deleterious materials, they should be brought up to the grades
shown on Figure 6 with compacted fill. Moenkopi siltstone may be used
as fi1l in this area; however, at least 4 feet immediately below the
drain foundation should consist of mine-waste rock or sand tailings.
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After stripping and excavating as required but prior to placing any
fi11 or drain material, the exposed ground surface should be compacted

as required by the Specifications to ensure adequate foundation
strength.

Where embankment or drain materials will be placed on the existing
embankments, only minor foundation preparation will be required.
Large, open-graded, boulders greater than 18-inches should be removed
from the existing embankments prior to placing compacted sand
tailings. The boulders may be stock-piled for later use in the random
fil1 embankment Zone 4 (Figure 5).

4.5 EMBANKMENT CONSTRUCTION MATERIALS

The embankment and drain system will be constructed with four different
material types. Material descriptions and sources for each material
type are discussed below.

A. Material Type 1

Material Type 1 will be used for the chimney and blanket drains and as
a filter for the collector drains. This material should consist of
durable gravelly sand and must be free of organics, oversized rocks and
other deleterious materials. Gradation requirements for this material
are given in the Specifications. These gradation requirements were
developed using established filter criteria (Ref. 4). These criteria
ensure that the material will be sufficiently fine to prevent piping of
sand tailings into the drains but also sufficiently coarse so as to
have a high enough permeability to function as an adequate drain. In
addition, this material satisfies the filter criteria with respect to
Material Type 2.

No material or blend of materials presently available at the site meets

the gradation requirements for Material Type 1. Therefore, this drain
material will be obtained from an off-site borrow source.
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B. Material Type 2

Material Type 2, which will be used in the collector drains, consists
of coarse gravels. The material should be durable and must be free of
organics, oversized rocks and other deleterious materials. Gradation
requirements for this material are given in the Specifications. The
material as specified will be coarse enough to provide free drainage
and also will satisfy filter criteria with respect to Material Type 1.

As for Material Type 1, no material or blend of materials presently
available at the site will meet the gradation requirements for Material
Type 2. O0Off-site commercial borrow sources are currently being
investigated.

C. Material Type 3

Material Type 3 consists of compacted tailings sand produced as a waste
product of the phosphate mill process. As described in Section 3, this
material generally is fine grained sand with between 5 and 27 percent
by weight finer than the No. 200 sieve. Sand tailings will be used for
embankment construction in the zone upstream of the chimney drains and
also will be placed as a filter below the blanket drains and collector
drains.

The tailings sands are transported from the mill to the tailings pond
via a slurry pipeline. The tailings are deposited into the pond from
the embankment crest forming a tailings beach of variable width
(approximately 200 to 500 feet). Tailings sand will be excavated from
the beach and used for construction of the dam expansion.

A revision in the mill process is planned which will alter the
gradation of the sand tailings. The exact revised gradation for the
tailings is not known at this time. Since the required gradation of
Material Type 1 has been developed to satisfy filter criteria with
respect to the sand tailings, it may be necessary to revise the
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gradation requirements for Material Type 1 after the revision in the
mill process has been accomplished.

D. Material Type 4

Material Type 4 is a random fill consisting of sand tailings,
mine-waste rock, or Moenkopi siltstone and shale. This material should
be used on1y3downstream of the internal drainage system where the
material will be isolated from pond seepage water. This material can
also be used to fill the northern and southern drainages below the
collector drains. As discussed in Section 4, however, only mine waste
rock or sand tailings should be placed in the upper 4 feet of fill in
those drainages below the collector drains.

The sand tailings have been described in paragraph C, above. The mine
waste rock consists of predominantly hard 1imestone overburden
materials from the phosphate mining operation. This material was used
to construct the existing main and secondary dams of Tailings Pond

No. 2 and Dam No. 1. Past experience indicates that the mine-waste
rock will break down during transportation and compaction into fine to
coarse gravel, cobbles, and boulders in a matrix of silty fine to
coarse sand.

Since sufficient sand tailings will not be available in the quantities
required for construction of the embankment enlargement, Moenkopi
siltstone and shale and mine waste rock will also be used for Material
Type 4. The potential borrow sources for the Moenkopi are located
within the reservoir area as shown in Figure 2. Our field
investigation found that in the borrow areas the Moenkopi consists
generally of medium hard siltstone and sandstone with very thin lenses
of gypsum. The overall gympsum content is estimated to be quite low,
although a 2- to 8-foot-thick layer of intermixed gypsum and siltstone
was found at approximately 26 foot depth. During excavation in the
borrow areas, it will be necessary to reject any Moenkopi containing a
significant proportion of gypsum.
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Previous seismic surveys in the vicinity of the borrow areas found that
the seismic velocity of the Moenkopi can be as high as 12,500 feet per
second indicating that blasting may be required for excavation.
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SECTION 5
INSTRUMENTATION AND MONITORING

5.1 GENERAL

As the tailings dam is being enlarged it is important to monitor its
performance to ensure that the structure is functioning as designed.
Additionally, it is important to monitor long term performance
following completion of the project. A properly designed monitoring
system will facilitate timely changes during operations, and may
justify cost saving adjustments in later years. This monitoring system
requires a carefully planned instrumentation installation and operation
program to measure pore water pressures, settlements, movements and
other key "vital signs." The instrumentation system planned for the
tailings dam consists of stand-pipe piezometers, displacement markers
and weirs as described below.

5.2 PIEZOMETERS

In order to monitor the performance of the internal drainage system,
three stand-pipe piezometers will be installed at the locations and
elevations shown in Figure 8 when the dam crest reaches elevation

5900 feet. As the embankment is enlarged, the outer protective metal
pipe and PVC pipe will be extended in stages. Care will have to be
exercised to protect the piezometers as much as possible during the
placement of embankment fill, and damaged or malfunctioning piezometers

should be replaced.

Immediately after installation, each piezometer should be tested and
the water elevation should be read and recorded. Thereafter, we
recommend that the water surface elevation in the piezometers be
measured and recorded at least each month. More frequent measurements
should be made if anomolous readings or sudden changes in readings
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occur which might signal the possibility of an internal drainage
problem in the embankment.

5.3 DISPLACEMENT MARKERS

Because the dam embankment will be raised in successive stages, the
crest alignment will vary accordingly. As the dam is enlarged, a
system of displacement markers will be established both along the crest
of the dam and on the downstream slope of the embankment. The markers
will be Tocated as follows:

0 One displacement marker per 100 feet along the crest line.

o One displacement marker per 100,000 square feet of downstream
dam surface.

As new embankment fill is placed, the markers will be removed and
replaced. The system will be correlated with established reference
points consisting of on-site bench marks outside of the final
embankment downstream toe 1line.

Elevations and coordinates of measurement points should be read
immediately after the markers are established. At other times
measurement points should be read either monthly or more often if
required.

5.4 SEEPAGE MEASURING WEIRS

In order to measure seepage flow rates through the internal drainage
system, seepage measuring V-notch weirs will be constructed downs tream
of the embankment at the approximate locations shown on Figure 8. The
exact location of the weirs will be determined in the field.
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A schematic diagram of the weir is shown in Figure 8 along with the
corresponding weir rating curve. We recommend that flow rates be
measured and recorded every week, although measurements should be made
more often if sudden changes in seepage flow are observed.
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APPENDIX A
BOREHOLE LOGS
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INTERNATIONAL ENGINEERING CO., INC. sweet_/__oF_2
PROJECT JOB NO. HOLE NO.
DRILL LOG CHEVRON PHoSPHATE 2/51 |HA-]
SITE ?EGUN AM CZOMPLE/LE& HOI:; SIZE ANGLE FROM HORIZ.GBEARING
e.e iy~
TAILINGS DAM _ExPaNSion 4-5-65 |g-9-85 |7% VERT.
COORDINATES DEPTH/EL. GROUND WATER GROUND EL. DEPTH/)(.TOP OF ROCK
| 32128.3 N -52068.4 & No WARTER £251.0 ey
DRILLING CONTRACTOR CORE RECOV. LENGTH/%| SAMPLES | CORE BOXES [DEPTH/EL. BOTTOM OF HOLE
ERICKSON - FORD N/A é N/ 45,
DRILL MAKE AND MODEL LOGGED BY:
cCME &5 AS.CHRISTENSEN
i} o
ik sk REMARKS o|Z MATERIAL CLASSIFICATION
24 |ZZ Sl x WATER LEVELS = = ;
B3 |28|¢l¥ WATER RETURN [ELEVATION| F |2 |% PHYSICAL DESCRIPTION
wo |[Z3 K DRILLING FLUID -~ § € F
¢z ILg|3lw CASING DEPTH ° &3
- Zo|lg|x F‘r (G-
HSA" i TAILINGS i
% ] :
- - 4 CLANEY SILT TO SANDY S/t A
2] w'/?rﬁ Az}.zrné‘ GRAVEL LIGHT ]
] WA TO TAN il
i HARD DRILLIMG L] b o Gt ki ;
IN GRAVEL & RPCK 4_- i
i ik Roecw, GRAY, HARD ]
AR i3] :
L. 32|84 SAMPLE 6T o
- _8_“ LAYEPS oF SILTY &RAVEL B
v AND GRAVELLY $I/6T, TAA ]
g ﬁfx’Y. ERRVEL LRYEFS +<r& -
B - - [ v ERY DENSE, ]
EXEBIE 101353 4 : R
12 ¢
SmeoTH DRILLIMNG N A
- 147 -
-4 | 4
2; qll q” : S? :
B 2 SPMPRE CI61T SILTSTONE wWiTH TRACE 0K ]
. FInE GRAVEL, TAN, NERKLY ]
18— brey o
50 4 B Bl b - % :
B sNE |5 | SAMPLE — 7 i ]
- 427 =
— —24-—_1 i
% ) '? SILTST = - - 1
- Nals® - 17 WTSTONE, GRAY, HARO, 2K
211 |WASTED 27| / ' n
P — —‘ HOLE NO.
28] A=
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INTERNATIONAL ENGINEERING CO., INC. SHEET_Z__OF _Z
JOB NO. E NO.
DRILL LOG | “'cHevRon PHOSPHATE 2151 __|HA-
‘:""'"".‘_" . REMARKS 55 MATERIAL CLASSIFICATION
gd [EZlw|&| wATER LEVELS + |ol2
F e §8 z| 2 ::lﬁsn:tgful:: ELEVATION e § E PHYSICAL DESCRIPTION
g? '.-.'.§§ Wl cAsine DEPTH F'é_:‘ HF
[ [ ]
HsA HARDER DRILLING B ]
7?4“ FRom 28’ b B
I ; [ 307
%\2\2"| sameLe 1"
324
N
" | 347
77

o8
N:
0:

SiTsTONE | GRAY, HARD, PRY

T
1
Y

Ibllllgllll

- 5%/" 1| WASTED - i

! | dz-

- - 497
i T1—

i 5/ SAMALE _ 4‘_-“’7 BoTrom OF HWoL& 45'.//4
467

I | 50

¥
1
N

11 bl

T T T
1 T T
O ,
o 4
llnlllnnnf

§

llllllllIllllllllllllllllllllll'lllLllllllllll'llllIllll'lllll.lllllllll.

HOLE NO.
HA-/

al

16N
)

|



INTERNATIONAL ENGINEERING Co., INC. sneeT_/__oF_2
PROJECT JOB NO. HOLE NO.
DRILL LOG CHEVRoN PHOSPHATE 2/51 |HA-2
SITE IEG;N c(}M;LETIEqD HOLE SI2E ANGLE FROM HORIZ.8BEARING
. 2Z.30 ~ i, 30 3
TA/LiNGes DAM EXFRNSton/ F-5-85 |4-to-85 7% VERT.
COORDINATES DEPTH.LEL GROUND WATER GROUND EL. DEPTH/,E(. TOP OF ROCK
32/4l.6 N - £59959.4 28.2' 592/, 5 /2.5
DRILLING CONTRACTOR CORE RECOV. LENGTH/%{ SAMPLES | CORE BOXES DEPTH/K. BOTTOM OF HOLE
ERiCKSOoN - FORD 50'— 100%, @ |owe 25,/
DRILL MAXE AND MODEL LOGGED BY.
CME &5 RAS.CHRISTENSEN
SAMPLE DATA i S
— REMARKS o= MATERIAL CLASSIFICATION
24 [2E| x| water LEveLs = [2]|%
Ra [g88lel¥ WATER RETURN |ELEVATION| &= |23 PHYSICAL DESCRIPTION
wo [Z3 ; 5 DRILLING FLUID w |2 2
> 3 ;‘2 a|w CASING DEPTH FT €lo
HSA . FFoRD FriL, 3/LT7 SAVO & GRAVEL ]
7% : :
2 -]
- SANOY 14T, TAN, WiTH TRACE OF
~ - - FINE &RAVEL, SLIGHTLY WET, .
4] —
BRARe R
B %8s SAMPLE - 4":_5"’ ]
] SILT WITH SoreE GYFsurt AvD ]
" [ 8_‘ TRRCE OF Fink $AND, BRg WA _]
. 7o &eRrRRYy &»?ouw/, SLIGHTLY -
] WET, ]
P io ] E -
17 - ]
l: ) 212" ]
= {‘; 18]16] SAMPLE OF siTsTone - :2 ]
- }_lq"—: -:
5o, o : 157% )
%515 SAMPLE - J
= s "[L—: I
18] 7]
- ] SILTSTOME WITH THACE ok ]
ZEEN N 2 CRAVEL AND &YFSUm, r20s57 ]
- 311117 samere - 17 7o NERRLY DRY, &RA4Y. ]
SMooTH, M ED, 72— -
B HARD DR/LLiNG — ] .
WITH RHUEEP - ]
- ~ 247 ]
- [%Ass| wasTR - 1% ]
sy 2] 7
- — : HOLE NO.
287 HA-2




v ecd

| S

INTERNATIONAL ENGINEERING CO., INC. SHEET_Z__oF _Z
PROJECT 408 NO. HOLE NO.
DRILL LOG CHEVRON PHOSPHATE 2151 HA=2
SAMPLE DATA -]
~ —T1 » REMARKS 2ls MATERIAL CLASSIFICATION
8d [FZlw|x WATER LEVELS : 3
25 |2g/2(5 WATER RETURN |[ELEvaTiON| Z |Z|Z2 PHYSICAL DESCRIPTION
we .g_, g g DRILLING FLUID ~d : 2
>« 3% oluw CASING DEPTH F?r 5 §
Hsh wes, v - 1
7%" 28,2/ ] ;
" ' i o ] :
55" | sAmPLe 3 1% .
B HARD DRILLING -] p
WHTH RUEER 32 —
. - S1LTSTONE, GRAY, AMOIST .
] T0 DRY, ]
" | 347 -
5 4-9-8% 1 ]
i |2 o] 4-i0-85 17 ]
- 36 -
- -
- -
38 .
NW 59/ IWZ—" SAMPLE 4"__‘5?1. m
- . - -1 -
C!:Eh . SUTSTONE , VERY FRACTURED ANVO ]
_2 DIA. ?.J | ¢z CRUMBLING WITH MIRNY & YPS U
) ‘6'1; p LEWSES TO Vg MAX, ]
N ’, 5'0 ' ¥Qo: 20% N 44..- -
M )
3 3
2 P BoTToM oF Hoie 45,/ A ]
i - ;
46 g
! | S0~ .
- - $27 E
R 5_4_: -E
&2 -
i | §67 7
] HOLE NO.
6o HA- 2
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INTERNATIONAL ENGINEERING CO., INC. sieeT L __or_2
PROJECT JOB NO. HOLE NO.
DRILL LOG CHEVRON PHOSPHATE 2/51 |HA-3
SITE DEGUNs_ Pt (:30'47;5 53' NOLE SIZE ANGLE FROM HORIZ.QBEARING
. X . o
TAILINGS DAM EXPANSION o e |atio-gs | 7% VERT.
COORDINATES DEPTH/}C. GROUND WATER GROUND EL. [DEPTH/EL. TOP OF ROCK
31820 N- 60650.9 & 22’2 £799%9.46 2.5
DRILLING CONTRACTOR CORE RECOV. LENGTH/ % SAMPL ES | CORE BOXES DEPTH/,E(. BOTTOM OF HOLE
ERICLKSON - FORD N/A =2 N/4 3o./
DRILL MAKE AND MODEL LOGGED BY.
cCME &5 RB.CHRISTENSEN
. o
bt bl REMARKS 0|z MATERIAL CLASSIFICATION
24 (22| ,l% WATER LEVELS z |7 i:-'
B3 (g3 oy WATER RETURR |ELEVATION| F [Z1g PHYSICAL DESCRIPTION
wo (IS ORILLING FLUID wo |2 S
ra :;2 o|uw CASING DEPTH Fr 518
HSA i B
7% . ]
— — 4 SILT WITH MucH oRGRNIC ]
2] MRTERIRL 1N ToP 2 NCKEs, .
B N ] GﬁﬁY/ NOIST 7o wEF ]
a4 -
B B I &RALING To ]
ARN 1% 3
= 3, %424 L 6% ]
= N ]
T A » 1°p CLAYEY SILT WITH GYFsSurt avi
- 45|/818 | SAMPALE 87 GYPSur LENSES TO 5" MAr, spny]
7 SLIGHTLY WET 7O NMOIST. ]
. 10 .
59/ "o SMo0TH EuT 5 ]
_ 3|3 QUITE HARD N :
DRILLING v y
12 .
i - 19 SILTSTONE | &RAY HpeD NERRLY DRY]
%3]0 1, ]
= -[‘-q -
: ] :
18 CHRNG NG T -]
- f’g 33| sAmPLE FZ° +r, p
WL .22+ W . )
- | 227 -
= —Zf—: ]
e CGRRAY TO GeRY BRown, WET. )
= 122 2" PLE I L ]
"Z;Z;z 5AM9 2] ]
- - -1 HOLE (o]
L 26 HA-2
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INTERNATIONAL ENGINEERING CO., INC. SHEET_Z__oF_Z

JOB NO. HOLE NO

DRILL LOG |™"*“cnevron PHOSPHATE 215 HA— %

SAMPLE DATA MATERIAL CLASSIFICATION

REMARKS

WATER LEVELS
WATER RETURN ELEVATION
DRILLING FLUID
CAStNG DEPTH

PHYSICAL DESCRIPTION

AND DIA.
BOX/SAMPLE NO

TYPE TOOL
METHOD N-
BLOW COUNT
ADVANCE
RECOVERY
GRAPHIC LOQ

SoEeTH

al

SILTSTINE WITH HRFRL GRaVEL
S/1zE FRAGMENTS , GRAY, WET.

T
N
(1.
A\?b

LU
°

¥

Bo770m oF HoLE 3p.; S

¥

W
N

1
|
1108000 2283

W
H

T ] T T

T T T 1
H Wy Ly
qllll%llll?llll

T L T
T I T
o S
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INTERNATIONAL ENGINEERING CO., INC. sueet_—/___oF _/
PROJECT JOB NO. HOLE NO.
DRILL LOG CHE/RoN PHOSPHATE 2/51 |HA- 4
SITE EGUN Py tg)MPL/E;TED HOLE SIZE |ANGLE FROM HORIZ.GBEARING
- X-4 .0 ~? 3
TA/LiNGS _DAM _EXPANSION 4-10-85 |g4-11-85 |7% VERT.
COORDINATES - DEPTH/EL. GBROUND WATER GROUND EL. |DEPTH/ EC. TOP OF ROCK
3/4ia.4 ¥ - 6/373.7 & Vo WATER 589/. 9 5 =+
DRILLING CONTRACTOR CORE RECOV. LENGTH/ Y% SAMPLES | CORE BOXES |DEPTH/EL. BOTTOM OF HOLE
ERICKSON - FORD 5.0’ 708 % | owvE | onE 2457
DRILL MAKE AND MODEL LOGGED BY.
CME &5 RS.CHRISTENSEN
. [=]
ekt REMARKS e|Z MATERIAL CLASSIFICATION
< |ZE| || water LEvELS z |21%
B3 |g38|el¥ WATER RETURN |ELEVATION| = S8 (g& PHYSICAL DESCRIPTION
wo [Zs § 8 DRILLING FLUID wo g g
ra :g ol CASING DEPTH T zlo
HSA . RoAD FiLL, SAND § GRAVAL .
7;4‘ F ] h
_ ] ]
2 SILT, LoosE, morsT § 6RAY -
4] -
%7 [ [ ES_P- :
i 725|/8|\8| SAMPLE L 6 7] SILTSTONE WITH Somi G YFsunq]
] LENSES,  VERY WEATHEREDL AND ]
N FRAC TURED, &RPAY N
= - 8 — -
i - 1
5% 8" No sAamPLE 1%, GCRADING T ]
B SMooT BuT - :
QUITE HARD 712 — -
B DRILLING | N ]
= [ 14— 7
- o ]
A i .
B 16— SILTSTONE | HARD , BRown #ive 7]
VERY HARD DRILLING ] NERRLY LRY, ]
18] 7
= 4-lo-55 - :_ | i
2’0“:{5 4-1-85 2o SILTSTONE WITH MRANY GuFsung ]
2"0ia |R ~ LENSES, VERY FRACTURED. ]
U ) GRAY § FEDOISH BRswn LAYERED
N I‘/s' g | 727 SOFT To MED HARD WITH -
" . SOFT ZonEs AT 2/5 § 23.5 ]
D= y : 1
i RQD= 38% | 7] R
_ ] BoTTor oF MolE 245 S ]
% -
3 ]
- }— - HOLE .
28" A-4




INTERNATIONAL ENGINEERING CO., INC. sueeT_4___or_2
DRILL LOG | cyevron PHosSPHATE 2 %y ;‘fjf_“g
SITE !/EGUN . ;4 2M;LET/E?DM NOLE SIZE ANGLE FROM HORIZ.GBEARING
- ' . (=] s
MIDDLE oF RETENTION PonD DIKE 44-213-85 Z2ra-oe | 7% VERT.
OORDINATES DEPTH/EL. GROUND WATER GROUND EL. {DEPTH/EL. TOP OF ROCK
SCALED) 30069.0 L7172.5 NOT DETERMINED 573/.5 55’
DRILLING CONTRACTOR CORE RECOV. LENGTH/ %! SAMPLES | CORE BOXES [DEPTH/EL. BOTTOM OF HOLE
ERICKSON - FORD N/A 7 No corg 50.0'
DRILL MAXE AND MODEL LOGGED BY.
CME &5 AS.CHRISTENSEN

B [
T REMARKS 2|a MATERIAL CLASSIFICATION
o4 |ZE|, = WATER LEVELS z |- g
P35 |38|¢l% WATER RETURN |ELEvATION| + 2 l& PHYSICAL DESCRIPTION
wo |Zz(2|S DRILLING FLUID w |a|8
$ Z |53 23|8| casing DEPTH o IE|3
- o<« |x FT o |>
';3:‘» 2 & HA-5 ]
- - Yo 1‘ ]
o L a ’ :
L - ~ - d
4] T~ 7
B FASY AUGERING - ]
- | ‘—_ -
= - 8— DIKE FiLL: SILTY GRAVEL 3
p AND RockFl-L ]
P CUTTING EDGF oA to77 ]
1 A Tu8E BacLY BanT 1% h
- s - -4 L ,
H% ¢ SAMPLE WA STED ’ P19 7 SUT & GRAVEL, CRAY i
12 SATURATED ]
N CRADING ToO .
- 14 =
P | [ :-_l'.'; S/L - P , :
R J|18)/8 . Lo % T, REDOISH BRowWwN, wirsy ]
4 REFUSAL AT 18 j?i SOME oRGANIC MARTERAL, ]
i 3 1|12 samPLE wASTED 1% VERY WET. ]
‘ 18- -]
. . -
1 /u % NO RECOVERY FRom b REER IS 4
" S & . S . |— o PN - - b
- I/.S }3 2|0 ,3"5‘;5:5 AZ";_A""““) 7 g‘ e SILT WITH TRACE 22 ]
DiscounT BroweopnT 72 LA ORGANIC MAT L SHIURATED ]
- 6 " " mad :’ :
S [&al20 - 7
# 1% ]
B Z [ o - — 2415 -
Z l18|18| sAMIPLE NASTED 1% ST VHUTH LITTLE CoRRSE ]
B e THRNO, FEDPOISH B Rsuin/ 1
2] ]
- - j‘ HOLE NO.
- 26 HA=- 5
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INTERNATIONAL ENGINEERING CO., INC.

SHEET z OF z

PROJECT JOB NO. HOLE NO.
| DRILL LOG | ™™ "cHevron PHOSPHATE 2151 HA-5
°‘ ——— ——
kol ot N REMARKS gz MATERIAL CLASSIFICATION
o4 |zjw|e|l warer LEVELS ol
25 |agl2|y| water meTurn  JeLevation| I | 2|2 PHYSICAL DESCRIPTION
pe ?_, g18 DRILLING FLUID & 1a|&
re 32 e u CASING DEPTH F?r 4 §
HSA" < MATERIAL BECAME HARDER 4
7% : 3 AT 28" DEPTH ]
> EASY AlUtERING 301 h
J s i
" 5 lalog s 1% .
H 18 SILT WITH CORRSE GRAVEL -
32 Y — -
I . AT BoTTOM OF TubBs. j
i | 34 §
AR 1% | n
- 3,024| 0| No RECOVERY - 36 -
14 -
; Jed ]
- U ' " - -1 - 1
3 12424 58] ¢ p
I . N 54 SANDY GRAVELLY SILT, BRowW WiTH ]
2 lal <P FEw &RAY LRAYERS  VERY WET ]
%[1818| sAmpLe qo1 7| To SATuRATED. ' 3
- HARD ALGERING - 9
To 43’ 1 .
. L 4277 -
- - 447 g
7] -
L el T4 :
‘;’-/ 1922 46 SANDN SILT, REDDISH BROWN 7]
EASIER AUGERING S B
~ To 4 &' -] .
I HARD AUGERING. I 48—5 E
REFUSAL AT 49.7 - WEATHERED 2 ILTSTONE WITH &YPS5umM-
. LENSES, | D, BRows , ]
I A SAMPLE | 50 HARD , BRRowy —~ :
43 P9 - Bo77oM oF HOLE £p,0 -
[ - 2] .
- - ]
£4 .
0 -]
- HOLE NO,
6o HA—




INTERNATIONAL ENGINEERING CO., INC. sueet_{___or_/
DRILL LOG | *“cye/ron PHosPHATE ‘2751 |HA-G
SITE BEGUN COMPLETED HOLE SIZE ANGLE FROM HORIZ2.ABEARING

TAILINGS DAM EXPANSION

A ™M /.20 AM
2-3//5-'455 2-1/’i 85 7 % VERT.

COORDINATES

200941 N - 6/945.8 £

DEPTH/EL. GBROUND WATER 6ROUND EL. DEPTNAEK;I‘OP OF ROCK
o

No WATER 5758, 9

DRILLING CONTRACTOR

ERICKSON - FORD

CORE RECOV. LENGTH/ Y| SAMPLES | CORE BOXES [DEPTH/EL. BOTTOM OF HOLE
AR o
46 A 4 onNnE 20./

DRILL MAKE AND MODEL

CME £E5

LOGGED BY.

RAS.CHRISTENSEN

[=]
el REMARKS ez MATERIAL CLASSIFICATION
24 (22| x| warer Leveus = |28
P35 [23]e|¥ WATER RETURN |ELEVATION| & [£13 PHYSICAL DESCRIPTION
wo |Zx g e DRILLING FLUID w |2 g
ra gg E CASING DEPTH FT £lo
HsA" 4 ]
7% : ]
SMooTH BuT B z-- S/LTSTaNE, GRAY ANO REObIsSH --1
QUITE HARD ] BRoWN  LRYERED, OCCASIONRL ]
- AUGERING -] WITH FeEw Pi&Ecss oF ]
4-—1 GRAVEL, AND THRACE oF -
= —— &IPS wur, NEARLY DR ]
= row 4
% "2 | sampLe ‘_:’/’r J
= GRAY 9ILTSTONE — . ]
- — 8- -
Y W an o P .
04' 414 S/LMPLE % ]
= REODDISH BRown — 4 ]
12 g
5 v Tl [ )
_NC‘Q/RE f%lé’é No SAMPLE _I‘_'f” SILTSTONE WITH Ajars~" k
ZI'DIA - HA’RL/NE- @Y PSS 7] 55’A~]5; :
. VERY FRACTURED. HARD~- 1
B 1| e NESS OF comg vary, ]
"'504’.4 ’ SeFT ZonE 75" 70 17-8 h
¢ |*
= - -
[ RQD: 45, Zo: ]
. | E BoTToM OF Horse 2o,/ A
= | 727 -
i 24— ]
-] p
~ - HOLE NO.
26 A- &




e ek

[ W

INTERNATIONAL ENGINEERING CO., INC. sweet_{__or_ >
PROJECT JOB NO. HOLE NO.
DRILL LOG CHE/RON PHOSPHATE 2/51 |HA-7
SITE BEGUN COMPLETED NOLE SIZE |[ANGLE FROM HORIZ GBEARING
‘ JZ .45 Pr7 | 1/,50 A > VE
BorRow AREA d-11-85 |agliz-85 RT.

COORDINATES - DEPTN/}(. GROUND WATER GROUND EL. DEPTN/j‘I’..TOP OF ROCK
29458.7 M- 0352.5 & 35’'+ 590/.8 .0’
DRILLING CONTRACTOR CORE eECOV. LENGTH/ Y| SAMPLES | CORE BOXES DEPTH/}C. BOTT?M OF HOLE

ERICKSON — FORD Vel Joo 7| ~/a 5 73.5
DRILL MAKE AND MODEL LOGGED BY.
CME £5 AS.CHRISTENSEN
- [
daiaste bl REMARKS o|z MATERIAL CLASSIFICATION
2« (2Z[,l=| water LEvELS = |2|%
23 |88|¢ls WATER RETURN |ELEVATION| + [S|% PHYSICAL DESCRIPTION
wo |Ixl=(8 DRILLING FLUID wo & S
r < ‘;2 a|u CASING DEPTH FT z|o
HsA, 4 i
7% ] :
B 2 SILT, REDDISH BRowns, NMOIST
| Burk sampLE L] ]
oF AuGer a— -
- CuUTTINGS ] -
o'—io! ‘ : SILTSTow& , WEATHERED , M0o1sT ]
N _8_: &RROING To ]
] ]
CoRE R . FRRCTURED IVIiED LHARO :
| 2"01R ) 1y | | - ‘ :
N |44 Fig SILTSToNE WiTH #ForTE GVETanT, HAAG, ]
’ 40 ROD: 377 12 LiGrnT BRowrn & GRRY IMoTTLEQ
| &, : P37/ - 31 (B GYPour WiITH 50MmE STFTOIE, rH/Tiy
1 Jo| 7]
" | 14— |X SILTSToNE WITH S EVEEAL &Y FPsun .
GooD WATER ] LEVSES To 14,", YERY FRACTURGD, ]
5 54 RETURN -1 *4 MED.HARD , BRown . ]
- NANTYS . ‘ = 16— -]
- RQD'_ zo /e : MIXTURE OF SILTSTONE AD 3RNO~
7 ] STorE WITH SOME GYFSUr], NMoTTLER ]
" — AND LAYERED, VERY IRRESULAR, -
18- PEDDISH_BRowin TD WHITE MED -
] HARD. VYERT. AND HoR. FPR cPwRES,
Pl 2 -
- U le, . ] SUTSTONE WiTH MANY 6 YP5un ]
M 50, PQ0575/9 . LENSES FROM HAIRMAE TO j
L ||’ 227 8" MAx, MED HAED FRoM —
S . BRowN TO &RAY BRoww, ]
1 +— LAYERED. VERY FRACT /9.5 -Z0.37]
B R 4] B AND 23.0-27.4 7
Jio - o ]
n N 5o P 1 Ix ]
? 0 RaD: 32, % < e !
n N SANDSTowE | SUTSTONE AVD 3
— T £Qy| HOLE NO.
28" Sl 7 o Tog | WAt Y

IPREGULAR CotoRiING
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INTERNATIONAL ENGINEERING CO., INC. SHEET_Z_ oF 2
PROJECT JOB NO. HOLE NO.
DRILL LOG CHEVRON PHOSPHATE | 2151 HA- 7
ED — INFIEE o
s:un .:n i REMARKS g|c MATERIAL CLASSIFICATION
o0d |xzlw|x WATER LEVELS ol &
ga oalzl s WATER RETURN eLevation | £ | Z|2 PHYSICAL DESCRIPTION
wo [Fy £19 DRILLING FLUID s |s S
: < gg 2 g CASING DEPTH F?r 5 g
NW o SELE SHEET 7
CoRE ) y p
29510 Goodb WATER ] i
R RETURN 30+ -
u ] ]
[} - -
- N 15pl50 S I L4 ]
H . 0 - X -
5 Rep: 507/, 324 SANDSTONE AND SILTSToNE, ]
- -1 ||  BRewN To seavisH LavikeD
] VERY FRRCTURED 1o FORCT 1
i W.L. 4f2-85 | 347 WITH MANY GYPSurm LENSEs ]
RI{| |—= ] FROM HAIRLINEG TO 3/, max. 3
i N 15450 | 3, MED HARD To HARD WITH
] A 1" SoFT Zone AT 32.3) ]
R " RQD: &5, I %" evPsun LeNsE @ 42,8 ]
38 | .
ol | 407 =
- ~ |50 50 - 1 |B -
P . 1 |2 i
N 7 RQD - 507, 42 |x ]
- [ 44.' ’; SANDSTONE § SUTSTowne, FARCT. W/
P 7 MANY THi GIPSuM LENSES To 4
g 3 a'"'MAx. BRowwN :
- \ [y - -
5 50150 46— SITSTONE | VERY FRRLT, & SOF7 WiTH
3 SEVEPRAL &YPSUM LENSES To Yo MoX
R 8 I?QD: 33"/0 N i REDDIsH BRowWN, cRUNMBLING %cws,j
] 472 Toga.2' ]
467 ]
R i ; SILTSTONE & SomE SANOSTONE 5
ul, S0 WITH SEVERARL GYFPSwry LENSES
- N 5'050\ - Y ] To 3" mAx, VERY FRRcT. To ]
e I 1 L FRACT, ColoR FRomw BlowN
" q R00: 387 - 52 70 GEAYISH, =
- c — —
0 59+ |B -
i N ] 2 SHUTSTONE | FRACT., WITH MANY ]
~ 50\5:0‘ .51: CYPSuUM LENSES To Yp mMAXx., ]
i . ROD: 75% | 2% 2 MED, HARD To HRRD, SFownnsH 1
. @00 D WATER | $87 E
RETURN ] HOLE NO
éo HA-7




INTERNATIONAL ENGINEERING Co., INC SHEET_D__oF_2
PROJECT JO0B NO. HOLE NO.
| DRILL LOG CHEVROW ProsPaaTE 21’51 |"Haty
il REMARKS 8 £ MATERIAL CLASSIFICATION
24 [EZ|w|a| water LEvELS g
25 |eg|2l¥ WATER RETURN (eLevation| I [Z|Z PHYSICAL DESCRIPTION
weo TSI 9 DRILLING FLUID I S
: < gg 2 g CASING DEPTH f:oT g g
NW. - -}
el 1 |8 :
N [oi50 62: 1)7( ]
i &) ROD: 80%s ] :
. 64 *2 SUTSTONE , FRACTURED, wirH -
i ?;‘f‘_?m:"”@k [T SEVERAL &YPSUM LENSES To -
Rl ] ] 8", A g EIPSUM LENSE (N ]
i ﬂ 5515.0 | 66 [ — SoFT SILTST: 59,3, owE 3%
= LENSE /7T 443 owes g -
172 TQo : 83Y%, : g LENVSE RT 72, 7 ;
B 65— X SoF7T sERmM AT £2.7 -
] SoFr AeEh G40~ 647 ]
B % ‘ " 70 |E REDLISH BrRowrN To Frown ]
| - .
i - -
/3 727 .
i L{PREKY) - ] :
76 — / -
u - 4- BoTTom oF Woee 735 ]
" L 23 3
3 :
- - 78: _-
8o .
- B ]
- - ]
: HOLE NO.
HA=-7
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INTERNATIONAL ENGINEERING CO., INC. sweer_{__or_4
PROJECT ' JOB NO. HOLE NO.
DRILL LOG CHEV/RoN TPHOoSPHATE 2/51 |HA- 83
SITE BEGUN = %OMPLE;E‘I; HOLE SIZE ANGLE FROM HORIZ.QBEARING
12.3 n 2. "
BorRow RREA 412-85 qg-12 -85 Z VERT.
COORDINATES DEPTH/EL. GROUND WATER BROUND EL. |DEPTH/EL. TOP OF ROCK
29259.34 - 59422.2 27’ 5929.6 2.0’
DRILLING CONTRACTOR CORE RECOV. LENGTH/ Y%l SAMPLES | CORE BOXES |DEPTH/EL. BOTTOM OF HOLE
ERICKSON - FORD
DRILL MAKE AND MODEL LOGBED BY!:
cME &5 AB.CHRISTENSEN
o
ettt REMARKS e|Zz MATERIAL CLASSIFICATION
24 |%E|.l= WATER LEVELS z |- ;
B3 |88[¢l5 WATER RETURN |ELEVATION| + |8 )& PHYSICAL DESCRIPTION
wo |Zp/2|S DRILLING FLUID w |&|%
£z |Eg|2lw CASING DEPTH o 2|3
[ o Fojac|x FT o |a
HsA i .
y' . ]
74 B S/LT/ LoosE, rMoIST .
B - 2 RELDIsSH BRowN -
EASY BRILLING ] i
4] -
E SILTSToNE, WERTHELED h
= 6 REDDISH RRowd, SOFT
- - 8] ]
N\;e/_ lo-] ]
CoRu n ’
L Go 00 WATER - 3 SILTSToNE WITH FEW &YFPSUr
2018 E | Courar 2 LENSES TO 'Yi,", dNE Jy"LENSE ]
N 14444 n AT /0.5, VERY FRger., SCFT To
= | R = ] MED, HARD, PEDDisH BRowA. ]
! ReD: 27 7 1 B ]
N 14— |o §
- X .
5 : 3
- N - 16 "I SILTSTONE WITt MANY ~
. 5054 ] GYPSuny LENSES TO V'~ o/E
- 2 a0 : 02 % - p'Lewse AT zl.o. 3
18] SOFT § CRUMBLING 210-2/ 7]
= I ANO 22,7'- 2 3,5, ]
R p MED HARD § FRACTURED To J
- v N FRACT. ’
INE Goop WATER B i VERY i
y |0 Bo| RETURN 22 ] ]
B 3 Koo 1527 - SILTSTONE AND S5ANDSTonN&E ]
e - WITH IVIRNY GCYFPSYr? LENVSES o
N o] ANVD Fockr€rs. B Rown 7o 2
24=] [T/ <t6mT sRAY, HARD. ]
1 |8 [ Sic7sroneE AnD GYPSum, YEXY ]
= ﬁ 1 - — ° Lﬁﬁlﬂlﬂzﬁ'ﬂ? GRAY AD BRow,
Nigdad LosT CIRCULAT|IoN e | pYyPed / -]
a | ]| 2627 g 1 |« [“stcrsronE WITH viany GYPsus LRYELS
- 4 . - - 4 12 AND LENSES To b "rtAX. [TwyoLe No.
RQO : 59 . SoFT ¢ cARUMBLING, BRowA] HA=




INTERNATIONAL ENGINEERING Co,, INC SHEET_Z__oF 4
PROJECT JOB NO. HOLE NO.
DRILL LOG CHEVRON PROSPHATE 2151 HA-&
SANPLE DATA N —
~ —1 » REMARKS gl: MATERIAL CLASSIFICATION
8d |ZZ|w|a| water LEVELS -
25 |83/2|% WATER RETURN |erevation]| Z [ 2|2 PHYSICAL DESCRIPTION
ve .g_, 318 DRILLING FLUID & |s E
: < gg 2 g CASING DEPTH r.er g ’é
iy 98 . CORE Loss BETW 27,2 ¥ 28.8 ]
- FAIR To FooR " 30- SILTSTONE WiTH GIPSUM LIYERS ]
R WATER RETURN B ANO POCKETS, SLIGHTLY FRRCT., ]
a vl L 3 1Bl 47 erAy vo BRoww , cocoes” ]
NI ..+ 1 |e INTERMINED. HARO. ]
# {0 50 . 32_ x ]
- PQ0: 707 . 4
» 5 o L ] |« 4
No WATER RETURAN ] ? :
- | 34+ =
_ R , | 3¢ SILTSTONG WITH_ MANY SYPSumM
Vi d50 y LENSES To ¥g" MAX, GRAY .
W 22 , E ERown To Broww, HAED E
#6 RQO: 85/, B 34 h
Go- 4
- ; - 4 |B .
T .
Nsol49 1 |3 SILTSTONE WITH LITTLE GYFsum,
[ £ ° 42 r—\ LT . G RRY TO BRovn, MHRELES —
7 RO 92 /, 1 l& AND LAMINATED , 'HARD .
1 13 SILTSTONE WiTH pMANY &YPSUm ]
- - 44 LENSES Fo ¥p'"mRX,eTRY ¢8R _
7 Lﬁ YE’?@D AN 27_ Mﬁ/?il.ié’ AFRACT. A
" S - arﬁswv 7 S/Lr;rouu (71 % 5, GRRY 5
N [5450) 467 ]
z [ b -4
- 8 ReD : 92 7 -] ;
467 | -
P 5 ‘ - 50_—1 B -:-
N Wila ) 118 SUTSTONE WITH MANY & yPsum]
- ") | |Roo- 947, | 57 LENSES FROM HAIRLINE To
1 (4] B w0 occcasiwar £ Lensg
- R " o4 FRRCT., HARD , 6/AY BRowN 1
LA)) . To BFown. .
£ P2[52 - _'
L 10 0 n ]
Roo: Bl -] .
- NO WATER ReTURN | 563 g E
] HOLE NO
éo ]'5 HA= &




\

INTERNATIONAL ENGINEERING CO., INC. SHEET_Z__OF &
PROJECT JOB NO. HOLE NO.
DRILL LOG ctevRoN TFHOSPHATE 2/5/ HA- 8
s:""‘e D:" . REMARKS 8 % MATERIAL CLASSIFICATION
i |2z ATER LEVELS a
.g.g °§§ E‘ :ATER RETURN ELEVATION | Z g i PHYSICAL DESCRIPTION
we ?_, 218 DRILLING FLUID & lalg
: < gg 3 ‘I-I‘J CASING DEPTH ;Z g §
My e IR p ]
;’, | | Mo WATER RETURN ] i
5y 42‘: SILTSTOoNE WITH MANY 7
i Row: 87% ) GYPSuM LENSES FROM HRIR-
i -] LINE To Ifp", owE Yy "LENSE ]
o7 AT G40’ oweE 3, LewsE AT ]
~ -] LS00, FRAcCT., HARD. .
S | be 7 CRRYy Blown To Blown i
B N {5351 -] .
B 2 RQD: 86", —69—: —:
B 7o -
13 3 ]
o Uy q_': o ] SILT sTonE wWeTH MANY ]
MR 727 GYPsum LEWSES FRom ]
L 0 RQD: 5% . Hprecive 7o Y8" wiTw :
ﬁ OCCARSIONARL Yg“ LENSE. -
- | FRALT, , MED WARD To HARD
] WITH SEVERAL SOF7 JotN7s:
L R L 72.7 To 740 -
- B
9% oo ] SRAY Blowd TO PALK ]
L ' '° o - EDWMI :
i< RQO &l B 783 3
P 30-5 -
L U - ]
N 6ol S0 g7 .
~ ® 27 i
- IS gQo: 8o/, - ]
] ]
| - 84 .
N 5 - SILTSTONE WITH 301 E HAIRLINES
N) 867 GYPSuUM LENIES, SEJECRL .
| " 5"'050 QQD" qZ°/° i h VERT. § Hok., LENSES 1(4 /03/ ]
8 3_: SetemTLY FRACT., HARD. -
i Vo VRTER RETURN ] GRAY Blown To DARK BRowA]
> WAT -] ]
— § \ ] 0 - 90;: -':
56| QD + 88 /o ] WOLE NO.
n 227 HA-E




INTERNATIONAL ENGINEERING CO., INC. sweer £ or_4
PROJECT - JOB NO. HOLE NO.
| DRILL LOG EHEVRON PHOSPHATE 2/5/ | HA-8
s tallall I REMARKS g £ MATERIAL CLASSIFICATION
34 [2Zlw|a| warer LeveLs S|2
ge 2325 WATER RETURN ELEvaTioN | £ | Z[Z PHYSICAL DESCRIPTION
wo [Ty £19 DRILLING FLUID ¢ (2]
>3 32 olw CASING DEPTH F°7 z §
/‘/"(/ -1 B -
core 1 |% SEESHEET 3 B
- Cog] |2 ]
_ 5 No WATER R&ETwARN . ;
N 9¢ - B SHTSTONE WITH VERT ¥ HoR, ]
- I8 5950 - 1 |, GNPSUM [ ENSES ERgm .
o . HAIRLINE TO Z/"mAx. ]
R ReO + 827, | 987 | X SLIGHTLY FRACTURED, HARD,™]
p 9 GRRY BrRowN TO DARK .
" R ,00__: BRowN, =
' - -
i ’3 5050 . :
N {024 -
| 19 Ko+ 957, = ;
b e
{og]
= - ] BoTToM OF MHolé /04,0’/‘ ?
-1 -1
- -1 E
] ]
- - 109: -
] p
| A ]
IIO—_" -
i L] E
- - ]
: HOLE NO.
HA-&




APPENDIX B
LABORATORY TEST RESULTS
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Laboratory Testing

CHEVRON
PHOSPHATE
FACILITIES

May 1985

ROLLINS, BROWN anp GUNNELL, INC.
PROFESSIONAL ENGINEERS

1435 West 820 North @ PO. Box 711 ® Provo, Utah 84603
Telephone (801) 374-5771
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Table No. 1
Time Consolidation Tests
Sample HA-3, 5-7 feet

Dial Reading

Elapsed Time, min 0.58 tsf 1.15 tsf 2.30 tsf
0 .0395 .0457 .0528

.1 . .0399 .0470 .0546
0.25 .0410 .0471 .0547
0.5 .0411 .0472 .0549

1l .0412 .0473 .0551

2 .0413 .0475 .0553

4 .0414 .0476 .0555

8 .0416 .0478 .0558

15 .0420 .0481 .0563
30 .0423 .0484 .0567
60 .0426 .0488 .0573
120 (180).0433 .0492 .0582
240 .0499 .0591
480 (434).0441 .0508 .0610
1420 (1414).0457 .0528 (1425).0699




Time Consolidation Test Cont.
Sample HA-3, 5-7 feet

Dial Reading

Elapsed Time, min 4.60 tsf 9.20 tsf 18.40 tsf
0 i .0695 .0855 e
B | .0722 .0896 .1180
0.25 .0724 .0900 .1189
0.5 .0726 .0908 $1195
1 .0730 .0912 «3203
2 0731 .0919 1233
4 .0734 .0928 k224
8 +0737 .0937 R0 . 2458
15 .0741 .0946 «1250
30 .0749 .0959 .1264
60 .0756 .0977 - 1282
120 .0767 .0997 13085
240 .0782 .1019 .1342
480 .0801 «1051) (511) .1389
1420 t3443) 08058 (1418) J1123 (1448) .1478

n - - -
‘

@L”"Sg
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Table No. 2
Time Consolidation Test
Sample HA-5, 15-16.5 feet

Dial Reading

Elapsed Time, min. 0.58 tsf 1.15 tsf 2.30 tsf
0 .0544 .0596 .0664

.1 - .0559 .0617 .0693
0.25 .0561 .0621 .0696
0.5 .0563 .0623 .0699

1l .0565 .0626 .0702

2 .0566 .0628 .0705

4 .0568 .0630 .0708

8 .0570 .0632 .0711

15 .0571 .0635 .0715
30 .0573 .0638 .0718
60 .0576 .0641 .0722
120 .0644 .0727
240 (180) .0581 .0648 .0733
480 (435) .0587 - .0654 .0741
1420 (1415) .0596 (1422) .0664 (1426) .0764

N . - -
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Time Consclidation Test Cont.
Sample HA-5, 15-16.5 feet

Dial Reading

Elapsed Time, min. 4.60 tsf 9.20 tsf
0 .0764 .0872

.1 .0797 .0924
0.25 : .0801 .0929
0.5 .0804 .0933

l .0807 .0939

2 .0810 .0943

4 .0813 .0949

8 .0817 .0955

15 .0820 .0960
30 .0825 .0967
60 .0829 .0976
120 .0835 .0984
240 .0842 .0994
480 . 0851 .1004
1420 (1444) .0872 .1027

18,40 tsf

(513)
(1447)

.1027
.1097
.1105
1111
.1118
1126
.1133
.1140
.1147
.1156
.1164
.1176
.1187
.1204
.1230
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Time Consclidation Test
Sample HA-5, 22-24 feet

Dial Reading

Elapsed Time, min. 0.58 tsf 1.15 tsf ' 2.30 tsf
0 .0908 .0941 .1024

.1 .0908 .0961 .1095
0.25 - .0908 .0967 .1096
0.5 .0909 .0972 .1098

1 .0911 .0977 .1101

2 .0914 .0981 .1102

4 .0917 .0984 .1103

8 .0920 , ~ .0988 .1106

15 .0923 .0991 .1109
30 .0926 .0994 .1110
60 .0928 .0997 .1111
120 .0930 .1001 L1112
240 .0932 .1004 L1113
480 .0936 (444) .1009 L1114
1420 (0941 (1421) .1024 (1440) .1l116
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Time Consolidation Test
Sample HA-5, 22-24 feet

Dial Reading

.

Elapsed Time, min 4.60 tsf 9.20 tsf
0 .1116 .1282

.1 .1155 .1300
0.25 . .1165 .1307
0.5 1172 .1314

1 .1179 .1320

2 .1184 .1326

4 .1188 .1332

8 .1193 .1337

15 .1198 .1342
30 .1203 .1347
60 .1208 .1353
120 .1214 .1361
240 .1220 .1368
480 .1270 (509) .1378
1420 (1415) .1282 (1447) .1393

18.40 tsf

.1393
.1496
.1499
.1500
.1503
.1506
.1509
.1516
.1524
.1531
.1540
.1549
.1559
.1570
(1434).1590
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Dry Unit Weight

Table No. 3

Triaxial Shear Test
HA-5, 15-16.5

Natural Moisture Content

Confining Pressure

Strain

0.0214
0.0428
0.0643
0.0857
0.1071
0.1286
0.1500
0.1714
0.1929
0.2000

Deviator Stress, psi

110.0
19.3
50 psi

Pore Pressure psi

83.3

97.1
105.1
109.3
110.5
111.5
114.0
117.1
118.9
119.3

39.4
37.9
38.3
39.3
39.4
40.3
40.9
42.6
42.8
43.0
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Table No. 4

Triaxial Shear Test
HA-5, 15-16.5 feet

Dry Unit Weight
Natural Moisture Content
Confining Pressure

Strain Deviator Stress, psi
0.0214 136.2
0.0428 3635
0.0643 1512, 6
0.0857 183.4
0.1071 186.0
0.1286 189.2
0.1500 196.3
0.1714 205.1
0.1929 204.6
0.2000 204.7

Pore

110.0
93
100 psi

Pressure psi

5.3
69.3
68.7
7150
71 49
72.8
73.5
77.0
77.4
155




Table No. 5

Triaxial Shear Test
HA-5, 22-24 feet.

Dry Unit Weight
Natural Moisture Content
Confining Pressure

Strain Deviator Stress, psi
0.0214 218.6
0.0428 278.0
0.0643 306.2
0.0857 343.3
0.1071 354.7
0.1286 363.4
0.1500 365.4
0.1714 360.6
0.1929 364.1
0.2000 364.1

114.5
20.2
150 psi

Pore Pressure, psi

116.8
102.1
105.1
115.7
122.2
128.5
131.5
133.3
134.6
134.9




CHEVRON RESEARCH COMPANY
RICHMOND, CALIFORNIA

PETROGRAPHIC DESCRIPTION OF
VERNAL TAILINGS DAM WALL
ROCK CORES

Author - J. V. Heyse

HA 8 (Red Rock) Gypsum-
Cemented Coarse Siltstone

The rock consists of well-sorted quartz grains of approximately

50 microns in size abundantly cemented and veined by gypsum. The
cement is stained red by fine-grained hematite and goethite. Trace
constituents of the rock include: potassic feldspar, hematite, and
rutile grains; dolomite cement; and chips of ferruginous mudstone.

HA 7 (White Rock) Gypsum

The rock consists of scattered 50-micron dolomite crystals in a
very abundant groundmass of fibrous gypsum. Red layers in this
rock consist of less gypsum and more dolomite plus some guartz
grains and fine-grained hematite and goethite.
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Laboratory Tests of Rock Core Samples

-

Report of:

Report to: Date: May 14, 1985
JobNumber:  84-2320
M Chevron Resources 1 s:eet:u 1 of 1
Attn: Mr. Howard Abplanalp invoice No.. 21062

Sample Identification Ren MOENKOPI

The test results are summarized as follows:

Test Results

On May 1, 1985, we received at our laboratory two samples of rock core.
your request, we performed a specific gravity, absorption, and magnesium sulphate
soundness tests in accordance with ASTM C97 and ASTM C88, respectively.

SHALE FroM Soutn boernow Arer.

At

100
Reviewed by é/

HA-8 HA-7

17'-19' 10.2'-12.2'
Sieve Analysis - After Crushing Lab No. 3443 Lab No. 3442
Sieve Size PERCENT PASSING
3" 100 100
2" 95 82
11/2" 36 28
1" 14 10
3/4" 6 5
1/2" 4 3
3/8" 3 2
No. & 2 1
Specific Gravity and Absorption
Bulk Specific Gravity, SSD 2.49 2.50
Absorption, % 3.0 0.7
ngnesfum Sulphate Soundness
Percent Loss after 5 cycles 50

L=
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DISPOSED OF AFTER TESTING IS COMPLETED UNLESS OTHER ARRANGEMENTS ARE AGREED TO IN WRITING

AS AMUTUAL PROTECTION TO CLIENTS. THE PUBLIC AND OURSELVES. ALL REPORTS ARE SUBMITTED AS THE CONFIDENTIAL PROPERTY OF OUR CLIENTS AND AUTHORIZATION
FOR PUBLICATION OF STATEMENTS. CONCLUSIONS OR EXTRACTS FROM OR REGARDING OUR REPORTS 1S RESERVED PENDING OUR WRITTEN APPROVAL SAMPLES WILL BE

(rev. 1983) NET-114



This page is a reference page used to track documents internally for the Division of Oil, Gas and
Mining

Mine Permit Number m(‘ﬂj )(Y1)"] Mine Name [/Q//y a [ P}/} RNha f/-\c
Operator S = PhoSphate CO Dae  (0-28-/985
TO FROM

__CONFIDENTIAL _ BOND CLOSURE _ LARGE MAPS X EXPANDABLE
MULTIPUL DOCUMENT TRACKING SHEET _ NEW APPROVED NOI

__AMENDMENT _OTHER

Description YEAR-Record Number
__NOI  XlIncoming _ Outgoing _ Internal __ Superceded
f}/]/C/VL/'(’VV\\‘VHL ot Cxisting 7211/(///03

LuVVl -~ B nal Dos (e 11 E)——Q/u(,(f
~__NOI _ Incoming _ Outgoing _ Internal __ Superceded
__NOI _ Incoming _ Outgoing _ Internal __ Superceded
__ NOI _ Incoming _ Outgoing _ Internal __ Superceded

_ TEXT/81/2X 11 MAPPAGES _ 11 X17MAPS _ LARGE MAP

COMMENTS:

CC:




